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The purpose of this study was )^/describe the relationship of 
arm aerobic power, for cross-country skiing, with four field 
measurements: I) morning heart rate, 2) post-exercise heart rate
following submaximal arm exercise on a rollerboard, 3) body 
weight, and 4) age. Arm aerobic power was determined using gas 
analysis and arm ergometry mimicing cross-country ski poling. 
Statistical analysis consisted of step-wise multiple regression 
of the field measures against the arm ^ 0 2  peak in liters/ 
minute. Body weight was the best predictor of arm VO 2  peak, 
explaining 32.2% of the variance, with none of the other variables 
adding significantly to the explanation of variance. All field 
measures combined explained 35.8% of the variance. Hence the 
submaximal arm exercise test did not allow a satisfactory pre­
diction of arm aerobic power.
11
ACKNOWLEDGMENTS
The author wishes to express thanks to his thesis committee and 
subjects for their help and cooperation throughout this project. He 
would also like to give special thanks to Dr. Theodore Coledarci for 
his help with statistics. Dr. Brian J- Sharkey for providing an 
opportunity for this project, and Michael Smith for his support and 
advice throughout the project.
111
TABLE OF CONTENTS
Page
ABSTRACT  .......................................................  ii
A C K N O W L E D G M E N T S ............................  iii
LIST OF T A B L E S ............................   vi
LIST OF F I G U R E S ............................................................ vii
Chapter
1. INTRODUCTION ..................................................  1
Purpose ........... . . . . . . .    4
Rationale for Variables Selected .........................  4
Definitions ..................................................  5
VO^ M a x ................. .... ..................... 5
VO 2  P e a k ..................................................  5
2. M E T H O D O L O G Y ....................................................  6
Tests  ..................................................  6
Maximal Aerobic Power Test . . . . . . .  .............  6
Submaximal Field Test . . . .    . . . . . . .  8
Other Field Measurements . ‘..............................  9
Pilot S t u d i e s .................................    9
Pilot 1 ......... ...........................................  9
Pilot 2 ..................................................... 9
Selection of Protocol .................  . . . . . . . .  10
Statistical Treatment . . . . . . .  .......... . . . . .  10
3. R E S U L T S .........................................................  12
Pilot Study R e s u l t s ......................................... 12
iv
Page
Main Study Results ..........................  . . . . . .  13
4. D I S C U S S I O N ................................................ 16
Problems in Submaximal P r e c i c t i o n ....................   18
Arm and Upper Body E x e r c i s e ....................................IS
Alternatives ..................................................  20
5. SUMMARY, CONCLUSIONS AND R E C O I M N D A T I O N S .......................22
S u m m a r y ............. .................. ....................... 22
C o n c l u s i o n s ............. .................................... 22
R e c o m m e n d a t i o n s .................................   23
R E F E R E N C E S ....................................................................24
APPENDICES
A. DETAILED PHYSICAL CHARACTERICS OF THE SUBJECTS ............. 27
B. RAW DATA FROM MAIN STUDY .  ..................................... 28
C. COMPUTER PRINT-OUT OF MULTIPLE REGRESSION ANALYSIS . . . .  29
V
LIST OF TABLES
Table Page
1. Physical Characteristics of Subjects ............  6
2. Intercorrelation Matrix of Variables ........................  15
VI
LIST OF FIGURES
Figure Page
1. Subject Performing Max Test Protocol on Arm Ergometer
While Tester Adjusts Resistance .......... , ..............  7
2. Subject Performs Submaximal Rollerboard Test While
Tester Monitors Distance Rolled, Cadence and Time • . . . 8
3* Pilot Study 1 Results; BW Adjusted PExHR v Arm ^0^ Peak. . 12
4. BW Adjusted PExHR v Arm VO^ Peak for Pilot Study 2 . . . .  13
5. Contribution of Variables to the Explanation of Inter-
Subject Variability in Arm VO 2  Peak Using Stepwise 
Multiple Regression  ..............   14
VLl
Chapter 1 
INTRODUCTION
Maximal oxygen uptake (aerobic power or ^0^ max) measures the 
functional capacity of the cardiovascular system. It determines an 
individual’s ability to perform prolonged work and thus, is a major 
factor in all endurance sports.
Peak oxygen uptake is a measure of the maximal oxygen uptake
under a certain set of circumstances, such as use of a given body part
(e.g. arm VO^ peak or leg VO^ peak), and is limited by the size and/ 
or physiological characteristics of the muscle mass involved (9, 14,
20, 23, 29). Arm VO^ peak values are usually significantly lower than
leg VO^ peak values (3, 10, 26, 29) but when measured in relation to
lean body mass of the body part, are higher (9). Although, physio­
logically, arm muscle seems to have a greater ability to utilize 
oxygen, the legs, by virtue of their size usually have a greater VO^ 
peak.
If an individual trains almost exclusively with arms or legs, 
his cardiovascular system (VO^ max) and peripheral oxidative capacity 
(arm or leg VO 2  peak) will be similar (14, 16, 24, 30). For example, 
a distance runner’s V O 2  max is his leg VO 2  peak, whereas a kayaker’s 
VO 2  max is his arm ^Û 2  peak. The latter case is infrequent since the 
legs are the normal means of locomotion and do more work than the arms.
Some endurance sports, such as cross-country skiing (X-C ski­
ing), require combined use of arms and legs. A X-C skier must therefore
1
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train not only his cardiovascular system, but the oxidative capacity 
of arm and leg muscle groups as well*
By increasing the peripheral aerobic capacity with individual 
training of arms and legs, an athlete is able to create a greater 
stress on the cardiovascular system when arms and legs are used in 
combination* This enables the athlete to put a greater training load 
on the oxygen sypply system. Indeed, it has been shown that similar, 
near maximal workloads can be maintained longer with arms and legs 
combined than with legs alone (4).
Besides limiting training of the supply system, untrained arms 
limit combined arm-leg performance. Investigators (25) studying arm, 
leg, and combined arm-leg exercise found athletes with low arm fitness 
had lower oxygen uptakes in combined exercise than in legs alone, 
while athletes with well-trained arms had higher oxygen uptakes with 
combined exercise. Other investigators found similar results when 
testing athletes with well-trained legs and a range of arm fitness (4).
These findings indicate that in sports utilizing combined arm 
and leg aerobic power such as X-C skiing, a low arm VO^ peak limits 
performance. Indeed, in work with the U.S. Nordic Ski Team, it was 
found that low arm VO^ peak scores correlated highly with coaches’ 
observations of deficiencies in technique and performance (26).
The only way a X-C skier can be accurately measured for peak 
and maximal oxygen uptakes, is in a testing lab using gas analysis and 
ergometry which mimics the movements used in X-C skiing. This latter 
point must be emphasized, since research shows a wide intra-subject 
variability in VO^ max scores when different exercise movements are
3
used (6, 14, 16, 19, 21, 28, 30).
As testing labs are often not available and are too costly for 
many skiers, alternative means of fitness testing must be used »
While there are several field methods for the estimation of 
leg max scores, there is no field test to serve as an indicator of arm 
aerobic fitness for X-C skiers. The U.S. Ski Team Physiological Test 
Manual (31) lists three field tests for arm fitness. The tests include:
arm dips, a timed rope climb, and a one repetition shoulder-elbow
extension using a dumbbell. Only the shoulder-elbow extension is 
specific to X-C skiing (13), and none are aerobic. All in fact, are 
strength limited.
While muscular strength and power are needed to a certain 
extent in X-C skiing, they are not indicative of arm VO^ peak. From 
what is known of muscle fiber types, they may actually be negatively 
correlated.
A reliable and valid arm fitness test would serve both as a 
possible indicator of a need for increased arm training, and as a tool 
to motivate training. This would ensure a balanced development of arm 
and leg aerobic power which is important, especially in younger skiers, 
to ensure proper technique.
In longer races or training runs, arm fatigue can lead to
alterations in skiing technique and improper poling form, or even a
complete reliance on legs for power. This can result in the develop­
ment of poor form and may reduce the training load on the cardio­
vascular system. In addition it will surely lose races.
Aside from training benefits, the test would allow coaches to
4
spot individuals with exceptional aerobic capacity without relying on 
a technique-limited activity. A young skier with a large potential, 
but little skill, might be given the extra help and encouragement to 
continue and improve in the sport.
An arm aerobic power test that can be administered to skiers 
at home should be easy to administer and utilize inexpensive equipment.
Purpose
The purpose of this investigation was to determine the relation­
ship of some easily obtained field measures, requiring a minimum of 
equipment and expertise, of arm peak. Specifically, the purpose 
was to account for inter-subject variability of arm ^0^ peak scores 
using the following field measures: morning heart rate (MHR), post­
exercise heart rate (PExHR) following a submaximal exercise protocol, 
body weight (BW), and age.
Rationale for Variables Selected
Previous investigators have shown that increased arm fitness 
produces lower HR's at submaximal arm workloads. However there are 
other factors which would explain inter-subject variation in HR during 
arm exercise besides arm fitness.
Constitutional factors which would affect a person's HR must be 
accounted for. Secondly, a person's maximal HR (and thus age) may have 
an effect on his cardiac response to arm exercise. Finally, any dif­
ference in work done between subjects would produce different cardiac 
responses.
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In this study the following variables were measured in 
addition to the arm ^0^ peak:
1. MHR was measured to account for inter-subject variations 
in HR  which were due to constitutional factors.
2. PExHR was taken to look at individual cardiac response to 
a uniform exercise protocol.
3. Workload must be accounted for. Since all subjects per­
formed the same protocol against a resistance determined by the individ­
u a l ’s BW, BW was included as a variable.
4. Age was included since it is used to estimate an individual's 
maximum HR and it was possible that this would have an effect on cardiac 
response to arm exercise.
Definitions
^0^ Max
VO^ max (aerobic power) is the ability of an individual to take 
in, transport, and utilize oxygen during exercise, using whatever move­
ments and muscle groups that will give the highest oxygen consumption 
for that individual.
VO 2  Peak
VO 2  peak is the ability of an individual to take in, transport, 
and utilize oxygen under specific circumstances (e.g. using a specific 
body part and/or doing a specific exercise). The specifications should 
be noted since VO^ peak is task specific.
Chapter 2
METHODOLOGY
Thirty healthy male volunteers, from physical education classes 
and the local population of X-C ski racers, served as subjects in the 
study* An attempt was made to obtain a wide range of ages and weights* 
The subjects* physical characteristics are shown in Table 1 (for detail 
see Appendix A ) ,
Table 1.
Physical Characteristics of Subjects
Physical
Characteristic Range Mean S.D*
Age 18-32 23.6 4.7
Body Weight (lbs.) 135-237 172.0 23.8
Height (nearest 0,5 in.) 65.5-78.0 71.6 2.6
Tests
Maximal Aerobic Power Test
The criteria test was for arm ^0^ peak. It consisted of pro-
gressive workloads, one minute in length, on a modified Nordic Ski 
TMTrack arm training device. The test began with negligible resistance 
and a cadence set by each subject and matched by a metronome. The sub­
ject maintained the cadence as the resistance was increased each
6
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minute by one quarter turn of the resistance mechanism (see Figure 1).
Late in the test, if the subject indicated an inability to perform at
a higher resistance, the cadence was increased to achieve a higher
workload. The subject's expired air was collected for analysis using
TMa Beckman Metabolic Measurement Cart , calibrated with gases verified 
by Scholander analysis. The final collection was made and the max test 
completed when the subject indicated an inability to continue.
Figure 1. Subject Performing Max Test Protocol on Arm Ergometer While 
Tester Adjusts Resistance.
Submaximal Field Test
The submaximal field test was performed on a 10-foot roller­
board (9), with a particle board base, painted with epoxy paint and 
waxed with paraffin between trials to reduce friction. The front end 
of the rollerboard was raised 14 inches (grade = 11.75%) and each sub­
ject practiced pulling himself up and letting himself down a distance 
of 50 inches along the board, while lying prone on a wheeled cart (see 
Figure 2). Each repetition was done in 6 counts of a metronome set at 
100 beats per minute. The tester monitored the subject's performance 
for adherence to distance rolled and cadence. Each subject performed 
the protocol for 5 minutes and then came to a sitting position on the 
cart where he was instructed to relax and breathe normally. Fifteen 
seconds after exercise the tester took a 25-second radial pulse count.
i
Figure 2. Subject Performs Submaximal Rollerboard Test While Tester 
Monitors Distance Rolled, Cadence and Time.
Other Field Measurements
Each subject was weighed at the time of the field test, and 
each recorded a minimum of 3 morning pulse rates. Specific instruc­
tions were; after waking, when feeling relaxed, take a one-minute 
radial pulse count. Pulse counts were not always measured on consecu­
tive mornings and a mean value was used for the field measure.
Pilot Studies
Pilot 1
The first protocol was developed using feedback from local 
classified ski racers while performing at various rates and grades.
These pilot-study test subjects varied significantly in arm aerobic 
power and muscular strength.
The protocol selected, entailed a board grade of 11.75% (front
end of the board raised 14"), with the subject covering a distance
along the board of 50 inches in 6 counts of a metronome set at 100 beats 
per minute. Even those subjects with the lowest arm (̂ 0  ̂ peak scores 
had no trouble maintaining this protocol over a long period of time.
It was therefore felt that the protocol was aerobic for a wide range of
subjects. Subjects performed the protocol for 5 minutes and 15 seconds 
after exercise, the subject's pulse was taken for 15 seconds while he 
sat on the cart.
Pilot 2
In an attempt to elicit higher heart rates, a more vigorous 
protocol was studied on members of the U.S. Junior Nordic Ski Team.
The same cadence was used at a board grade of 17.6% (front end of the
10
board raised 21"). The protocol was difficult for all of the subjects 
to maintain for 5 minutes, and required significant effort by some to 
pull themselves up the board. Again 15 second pulse counts were taken 
in the same manner as in Pilot 1,
Selection of Protocol
The protocol developed in Pilot 1 was selected for two reasons. 
1) The test should be appropriate for a wide range of arm (^0^ peak 
scores and therefore must be aerobic even for subjects with low arm 
fitness. The first protocol met this criteria. 2) There is some 
indirect evidence that at higher percentages on one's maximum voluntary 
contractile strength, contracting muscles may inhibit blood flow 
through the working muscle mass (27), which would alter cardiac response 
The second protocol, due to the increased effort required to pull the 
cart and subject up the board, could occlude blood vessels in the arms 
of subjects of lower arm strength.
Statistical Treatment
Measured arm ^0^ peak in liters per minute (L/m), was regressed
TMagainst BW, PExHR, MHR, and age, using the Decsystem 2050 computer 
and the Statistical Package for Social Sciences (SPSS) for stepwise 
multiple regression and Pearson correlation coefficients (15). An 
intercorrelation matrix was also produced from SPSS.
A Pearson coefficient between arm ^0^ peak, in milliliters of 
oxygen per kilogram of body weight per minute, and BW was also computed 
using a Texas Instruments TI Programmable 59.
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Although this is a descriptive study and, as such, has pro­
posed neither a null nor an alternative hypothesis, a level of signifi­
cance was needed to determine the statistical significance of each 
variable*s contribution to the explanation of variance. In this study 
the significance level was set at ,05.
Chapter 3
RESULTS
Pilot Study Results
The results of Pilot studies 1 and 2 may be seen in Figures 3 
and 4, respectively. The plots show a weight adjusted PExHR (PExHR x 
150/BW) plotted against measured arm VO^ peak. The reason the PExHR 
is treated this way is to account for differences in workload due to 
differences in BW. Pilot study 1 shows a significant (p = .02) relation­
ship in spite of the low number of subjects, whereas Pilot study 2 shows 
no significant correlation.
BW Adjusted PExHR (bpm)
110
100
Arm ^0^ Peak (L/m)
Figure 3. Pilot Study 1 Results: BW Adjusted PExHR v Arm VO^ Peak
12
13
The appropriate symbols in Figure 4 represent male and female 
members of the U.S. Junior Nordic Ski Team.
BW Ad lusted PExHR (bpm)
160
Ç  = female 
male140
120
100
2.0 3.0 3.5 4.0
Arm ^0^ Peak (L/m)
Figure 4. BW Adjusted PExHR v Arm Peak for Pilot Study 2.
Main Study Results
Figure 5 (see Appendix B for raw data) illustrates that BW is 
the variable accounting for most of the inter-subject variability in 
peak, explaining 32.2% of the variance. When added into the 
regression equation, MHR, PExHR, and age, contribute 2.9%, 0.3% and
0.3% respectively to the explanation of variance. None of these 
additional percentages is statistically significant. The computer 
print-out used to compute Figure 5 can be found in Appendix C.
The contribution of BW in the explanation of arm ^02 peak 
differences is in liters/minute, as are all the contributions shown in 
Figure 5. The correlation between BW and arm VO 2  peak in ml/kg/min.
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however is much less (r = -.253) explaining only 6.4% of the variance
% Variance Explained
100
90
80
70
60
50
40
30
20
10
0
PExHR
BW
MHR
PExHR
Figure 5. Contribution of Variables to the Explanation of Inter- 
Subject Variability in Arm VO^ Peak Using Stepwise Multiple Regression,
The intercorrelation matrix in Table 2 shows significant corre­
lations between: PExHR and MHR, PExHR and BW, and MHR and BW. There
was no significant correlation between arm VO^ peak and: MHR, PExHR,
or age
Table 2.
Intercorrelation Matrix of Variables.
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1 . PExHR 1 .0 0 0
2
2 .  MHR 0.511
P=.002
1 :000
3
3.  BW 0 . 3 6 9
P=.022
0 . 3 4 9
P=. 029
1 .000
4
4 .  AG: . - 0 . 0 3 3
P=.431
- 0 . 0 0 5
P=.489
0 .2 4 2
P=.098
1 .000
5
VOg 0 . 1 8 8
P=.160
0 . 0 3 8
P=.420
0 . 5 6 8
P=.001
0 . 2 0 5
P=.138
1 .0 00
Chapter 4 
DISCUSSION
Although BW showed the highest ability to explain inter-subject 
variation in gross oxygen uptake, the explanation of variance of arm 
^0^ peak in ml/kg/min was insignificant (explained variance = 6.39%). 
This is not surprising considering that gross is dependent, in 
part, on body size. It is surprising however that BW showed such a low 
correlation (r = .369) with PExHR since BW determined each subject’s 
workload. If arm fitness were a significant factor it could explain 
the low correlation, but arm VO^ peak and PExHR correlate so poorly 
(r = .188) that arm fitness cannot account for the unexplained variance.
MHR and PExHR are significantly correlated. This may explain 
why PExHR added so little to the multiple correlation coefficient after 
MHR was already included.
Although the reduction in HR at submaximal workloads with 
increased arm VO^ peak is well documented (17, 28), this investigation 
failed to show significant correlation of arm ^0^ peak with any of the 
variables singly or in combinations, to enable the estimation of arm 
ÿ02 peak. The low correlation of PExHR to arm fitness may have been 
improved with a higher workload, but as previously discussed, a higher 
rollerboard grade to increase resistance or enable a faster cart return 
and thus a faster cadence, may make the test anaerobic or strength 
related. Other studies have shown significant differences in HR at 
this workload after training (17, 28), so if HR were an indicator of
16
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arm fitness, a somewhat higher correlation between arm peak and 
PExHR would be expected.
It is also possible that the problem in prediction lies with 
the max test. The scores for arm peak are taken during exercise 
simulating X-C ski poling (elbow and shoulder extension, and shoulder 
hyper-extension). The muscles required for the motion are the: 
triceps, latisimus dorsi, posterior deltoid, and teres major (33), 
Muscular weakness in any of these muscles would limit the muscle mass 
utilized and reduce the oxygen consumption. In this study some sub­
jects did seem to have more difficulty than others in completing a full 
range of motion during the later stages of the test. During the sub- 
maximal test however the workload is low enough that the subject would 
not have sufficient difficulty to translate into differences in cardiac 
response, and thus unexplained variance would be introduced.
Another possible source of variation in the arm max test is 
excessive body roll and use of the legs. The result would be an 
increase in muscle mass used and a corresponding increase in ^ 0 2 * 
this study it was felt that deviations in form were minimized with 
verbal feedback by the tester during the max test.
Frictional resistance in the arm ergometer causes overheating 
in the device during the latter stages of exercise. This causes the 
increases in workload to be greater toward the end of exercise and 
prevents calibration of the workload and calculation of work done.
Other sources of error include submaximal testing in general, 
and the nature of arm exercise.
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Problems in Submaximal Prediction
There are a number of problems in the submaximal prediction of 
aerobic fitness;
1. Nomograms or regression equations are specific to the popu­
lation on which they are developed. For example, the Astrand-Rhyming
nomogram was developed on physical education students with comparatively 
high ^0^ max scores. When used on athletes and non-athletes (21), the 
nomogram was more accurate in predicting the athletes* "̂ 0^ max scores 
which, like the Astrand-Rhyming test population, were high.
2. The HR/^Dg relationship upon which submaximal predictions 
are based, may vary from day to day (9).
3. Predictions using a single submaximal HR/t^'O^ measurement,
use a common assumed point for HR at which is assumed to be zero
(2). This assumption has been shown to be invalid (34).
4. Maximum HR declines with fitness as well as age and there 
is individual variation as well (22).
5. The loss in linearity of the HR/VO^ relationship as max is 
approached, is well known in leg exercise and has been shown in arm 
exercise using subjects with well-trained arms (8, 32).
6. Submaximal predictions using a max HR, assume that the 
cardiovascular system is the limiting factor. In arm exercise this has 
not been established.
Arm and Upper Body Exercise
Exercise involving the arms and shoulder girdle, as in the 
present study, utilizes considerably less muscle mass than leg exercise.
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and consumes comparatively less oxygen. It would then seem that the 
cardiovascular system, accustomed to supplying the large muscle mass 
of the legs, would not be extended to its limit. The limiting factor 
would seem to be peripheral. In support of this view, it can be said 
that all 30 submects in the present study indicated that although their 
arms were "dead," they didn't feel exhausted or in some cases even 
tired, at the end of exercise. Other studies (8, 11, 23, 28, 29, 30) 
support a peripheral limitation to arm work. One study (5) suggests 
that the limiting factor for arm aerobic performance in untrained sub­
jects is the ability of the working muscle to utilize available oxygen, 
while central circulatory factors (stroke volume, cardiac output) limit 
trained subjects.
Lower maximal HR's have been observed for arm exercise. Arm 
cranking HR's have been shown to be 10 beats per minute less than leg 
exercise HR's (3, 29), suggesting that the cardiovascular system did 
not reach its limit before arm fatigue forced the end of exercise.
Investigators claiming that oxygen delivery is limiting to 
performance (12), point to evidence that the metabolic capabilities 
of muscle (trained or untrained) exceed VOg/kg of muscle.
There is some evidence that both central and peripheral factors 
limit performance. It has been suggested that local neural control (8) 
may limit performance, while others (28) point to specificity in stroke 
volume (SV) as limiting. It may be that increased arterial blood 
pressure (ABP) and total peripheral resistance (TPR) encountered in 
exercise using a small muscle mass, due to pre-capillary constriction 
in the arterioles of the larger muscle mass, could increase ventricular
20
afterload and thus reduce SV. In standing arm exercise SV is further 
reduced by blood pooling in the veins of the legs which would reduce 
venous return. In addition there is the possibility of vascular 
inhibition in the arms from weaker muscles forced to perform at a 
higher percentage of maximum voluntary contractile strength. It has 
been shown that at given levels of arm work produces a higher
level of ABP than leg work (1).
This view, however, does not explain observations in the present 
study where subjects' arms fail before max is reached during com­
bined arm-1eg exercise. The inclusion of legs reduces the TPR and ABP 
and with increased venous return, SV should increase and arms should 
not fail so early in the exercise bout.
It is obvious that more work must be done before the nature of 
arm work can be fully understood. Possibly then the submaximal pre­
diction of arm fitness can be better persued.
Alternatives
Considering the problems of submaximal testing and cardiac 
response to arm work, the alternative of a maximal performance field 
test should be considered. While max tests are always subject to error 
from lack of motivation, the target population for a field test would 
be young endurance athletes who are serious about training and highly 
motivated.
One study (18) showed a weak correslation (r = .20) between 
maximal performance on a rollerboard exercise protocol and arm peak 
scores. The protocol involved 18 repetitions per minute at a grade of
21
23% (the grade in the present study was 11.75%) requiring strength and 
anaerobic effort. This is supported by the tests' significant correla­
tion to strength (r = .49, p = .05). It is possible that a max 
rollerboard test with the grade set somewhere between 12 and 23% may 
yield a higher correlation to arm (^0^ peak.
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary
Thirty healthy male volunteers aged 18-32 years, performed a 
maximal arm exercise test on an ergometer imitating the poling motion 
of cross-country skiing. Arm ^0^ peak was determined from gas analysis 
and compared to field measures made on the subjects. The field meas­
ures included: body weight, morning heart rate, age, and heart rate 
following a submaximal arm exercise protocol.
Statistical analysis consisted of a step-wise multiple regres­
sion of the field measures against arm ^0^ peak and an inter-correlation 
matrix of all variables. Statistical significance was set at p ^ .05.
No variable or combination of variables explained enough of the 
inter-subject variation in arm ^0^ peak to be considered a valid pre­
dictor of arm aerobic fitness. Body weight was the best predictor of 
oxygen uptake explaining 32.2% of the variance; all four of the variables 
explained only 35.8% of the variance. Although this is statistically 
significant, it still leaves 64.2% of the variance unexplained.
Conclusions
The results of this study indicate that for healthy young men:
I. Age has no effect on cardiac response to submaximal arm 
exercise.
22
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2. Cardiac response is not a valid indicator of arm VO^ peak.
3. Limits to arm VO 2  peak seem to be peripheral.
Recommendations
The results of this study suggested that although submaximal 
arm exercise heart rate decreases with increased arm peak, the 
heart rate after submaximal exercise is not a valid predictor of arm 
VO^ peak. Heart rate is the only easily obtained physiological measure 
which responds immediately to exertion. The failure of this measure to 
correlate highly with arm fitness suggests the use of a maximal per­
formance test as an alternative.
Important points to consider in constructing a maximal field 
test would be: specificity with respect to motion performed; ease of
administration and non-reliance on subjective judgments; utilization 
of equipment which is inexpensive or available for general use, and 
uniform to prevent differences in equipment from affecting test results 
One must also make sure the test is aerobic and does not depend on 
skill.
Form deviations during the max test should be eliminated, 
possible by stabilizing the torso. A better arm ergometer should be 
found to enable investigators to measure the mechanical work done.
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DETAILED
APPENDIX A 
PHYSICAL CHARACTERISTICS OF THE SUBJECTS
Subject Age Bodyv;eight (lbs) Height (0 . 5 inch)
1 19 166 74.0
2 19 150 72.0
:> 10 115 70.0
•1 20 176 72.5
f,
J 22 151 72.0
6 28 219 75.0
7 28 168 73.0
8 22 150 68.0
( \ 10 169 78.0
10 23 177 73.0
11 25 172 74.0
12 19 161 71 .0
13 23 135 66.0
14 19 153 69.0
15 18 147 72.0
16 30 167 65.5
17 29 188 72.0
18 28 170 72.0
19 22 169 69.0
20 23 190 72.0
21 25 160 71 .0
22 29 175 70.0
27 19 174 72.0
0-1 10 159 70.0
2 5 32 192 75.0
26 28 168 72.0
07 32 185 7I..0
28 21 237 74.5
29 31 169 71.0
^0 20 233 71.0
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APPENDIX B
RAW DATA FROM MAIN STUDY
Subject ?Mxim MHR BW Age VOg
1 • 96. 5 6. 1 6 6 . 1 9 . 4 . 2 1
2. 92 . 56. 150 . 1 9 . 3 . 3 9
3 . 1 0 0 . 5 5 , 1 4 5 . 1 8 . 3 . 1 3
4. 108. 53 . 1 7 6 . 2 0 . 2 . 6 7
S . 84. 51. 151. 22 . 2 . 9 1
n . 88. 5 6. 219. 2 8 . 3 . 3 5
7 . OC. 45. 1 6 8 . 2 8 . 3 . 3 3
3 . 72. 42 . 15C. 2 2 . 2 . 9 6
9. 96 . 64 . 1 6 9 . 1 9 . 3 . 1 9
1 - # 88 • 5 4 . 177. 2 3 . 3 . 1 6
11» 84. 40 . 1 7 2 . 2 5 . 2 . 7 5
7o. 46. 161 . 1 9 . 2 . 5 6
13 • 1 0 0 . 62. 1 3 5 . 2 3 . 2 . 3 6
14. 92. 56 , 1 5 3 . 19 . 2 . 5 5
15 , 96. 4 4 , 1 4 7 , 1 8 . 2 . 5 7
15 . 112. 6 8 . 1 6 7 . 3 0 . 2 . 3 3
17 , 9t, . 49. 183. 29. 2 . 6 9
13. 
19 .
100.
88 . 5 4 .
17C . 
1 6 9 .
2 8 .
2 2 .
3 . 6 7
2 . 6 6
2C . 1 0 8 . 5 8 . 1 9 0 . 2 3 .:0 J b ;: 3 . 5 4
21 . 
2 2 .
3 0 .  
8 0 .
5 4 .
44 .
1 6 0 .
1 7 5 .
2 5 .
2 9 .
2 . 9  9 
3 . 7 5
_ 3 , 1 '1. 7'̂ . V I A , 19 . 2 . 0  7
Ht . 4 0 . 151'. 18. 3 . 2 6” * 9o . 6^ . 1 ■> 2 . 32. 3.16
2 7 .
136.
3C . 
1 24 .
62.
6^.
168,
135.
237.
28.
3 2 .
2 1 .
3 . 7 1
3 . 5 3
4 . 3 0
 ̂. IOC, 5 6. 169. 3 1 . 2 . 7 7
' . 1:6. 7] . 2 U . 20. 3 . 6 6
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APPENDIX C
COîlPUTER PRINT-OUT OF MULTIPLE REGRESSION ANALYSIS
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